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The title compound, C 2 6H 36 N 2 0 6 , was synthesized from 9a- 
hydroxyparthenolide (9a-hydroxy-4,8-dimethyl-12-methylen- 
3,14-dioxa-tricyclo[9.3.0.0 2 ' 4 ]tetradec-7-en-13-one), which was 
isolated from the chloroform extract of the aerial parts of 
Anvillea radiata. The molecule is built up from fused five- and 
ten-membered rings with two additional epoxy ring systems 
and a methoxyphenylpiperazine group as a substituent. The 
ten-membered ring adopts an approximate chair-chair 
conformation, while the piperazine ring displays a chair 
conformation and the five-membered ring shows an envelope 
conformation with the C atom closest to the hydroxy group 
forming the flap. The molecular conformation is determined 
by an O— H- ■ -N hydrogen bond between the hydroxy group 
and a piperazine N atom. The crystal structure is built up by 
weak C— H- ■ O interactions. 

Related literature 

For background to the medicinal uses of the plant Anvillea 
adiata, see: Abdel Sattar et al. (1996); El Hassany et al. (2004); 
Qureshi et al. (1990). For the reactivity of this sesquiterpene, 
see: Hwang et al. (2006); Neukirch et al. (2003); Neelakantan et 
al. (2009). For ring puckering parameters, see: Cremer & Pople 
(1975). For the synthetic procedure, see: Moumou et al. (2010). 




OMe 



Experimental 

Crystal data 

M r = 472.57 
Orthorhombic, P2 1 2 1 2 1 
a = 8.0770 (7) A 
b = 10.2667 (10) A 
c = 28.937 (3) A 

Data collection 

Agilent Xcalibur Sapphirel long 

nozzle diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Agilent, 2010) 
= 0.732, T max = 1.000 

Refinement 

R[F 2 > 2a(F 2 )} = 0.072 

wR(F 2 ) = 0.188 

S = 1.04 

2810 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2399.5 (4) A 3 
Z = 4 

Mo Ka radiation 
fi = 0.09 mm -1 
T = 180 K 

0.27 x 0.21 x 0.06 mm 



14543 measured reflections 
2810 independent reflections 
1704 reflections with / > 2a(I) 
R,„. = 0.091 



312 parameters 

H-atom parameters constrained 
Ap»ax = 0.29 e A~ 3 
AAmn = -0-32 e A~ 3 



D-H- - A 


D-H 


H- ■ A 


D-A 


D-H-A 


Ol-Hl-Nl 


0.82 


2.10 


2.901 (6) 


165 


C9-H9S- ■ -or 


0.97 


2.50 


3.345 (7) 


145 


C14-H14- ■ 05" 


0.98 


2.49 


3.447 (7) 


165 


C15-H15-02 1 


0.98 


2.51 


3.342 (7) 


142 


C24-H24- ■ 02' 


0.98 


2.33 


3.185 (7) 


146 


C33-H33- ■ 03"' 


0.93 


2.53 


3.335 (10) 


145 


Symmetry codes: 
-x + 1, -y + 1, z - |. 


(i) x- 


-1 -y + l -z; 


(ii) x + l-y- 


r 1, -z; (iii) 



Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3for Windows (Farrugia, 1997) and PLATON (Spek, 2009); 
software used to prepare material for publication: WinGX (Farrugia, 
1999). 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: IM2357). 
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1 0a-Hydroxy-1 3-{[4-(4-methoxyphenyl)piperazin-1 -yl]methyl}-4,9-di- 
methyl-3,8,1 5-trioxatetracyclo[1 0.3.0.0 2 ' 4 .0 7 ' 9 ] pentadecan-1 4-one 

Mohamed Moumou, Ahmed Benharref, Jean Claude Daran, Rachid Outouch and Moha Berraho 

Comment 

The natural sesquiterpene lactone, 9a -hydroxypartenolide is the main constituent of the chloroform extract of the aerial 
parts of Anvillea radiata (El Hassany et al, 2004) and of Anvillea garcini (Abdel Sattar et al. (1996). The reactivity of 
this sesquiterpene lactone and its derivatives have been the subject of several studies (Neukirch et al, 2003; Hwang et al, 
2006; Neelakantan et al, 2009), in order to prepare products with high value which can be used in the pharmacological 
industry. In this context, we have synthesed, from 9a-hydroxyparthenolide, the l/?,10a-epoxy-9a-hydoxypartenolide 
(10a-hydroxy-4,9-dimethyl-13-methylen-3,8,15-dioxa-tetracyclo [10.3.0. 0 2 ' 4 .0 7 '] pentadecan-1 4-one) (Moumou et al, 
2010). This epoxy-hydroxypartenolide treated with one equivalent of l-(4-methoxyphenyl)-piperazine gives the title 
compound (I). The crystal structure of (I) is reported herein. The molecule contains a fused ring system and the methoxy- 
phenyl-piperazine group as a substituent to the lactone ring. The molecular structure of (I), Fig. 1, shows the lactone ring 
to adopt an envelope conformation, as indicated by the puckering parameters Q = 0.297 (3) A and <p =101.7 (8)° (Cremer 
& Pople, 1975). The ten-membered ring displays an approximate chair-chair conformation, while the piperazine ring has 
a perfect chair conformation with QT = 0.579 (3) A, 0 = 2.0 (4)° and <p2 =359 (10)°. In the crystal, C— H-0 hydrogen 
bonding links the molecules into sheets lying parallel to the be plane (Table 1, Fig.2). In addition, an intramolecular 01 — 
HI— Nl hydrogen bond is also observed. 

Experimental 

The mixture of l/?,10a-epoxy-9a-hydoxypartenolide (lOa-hydroxy- 4,9-dimethyl-13-methylen-3,8,15-dioxa-tetracyclo 
[10.3.0.0 2 ' 4 .0 7,9 ] pentadecan-1 4-one) (500 mg, 1.78 mmol) and one equivalent of l-(4-methoxyphenyl-piperazine) in 
EtOH (20 ml) was stirred for twelve hours at room temperature. Then the reaction was stopped by adding water (10 ml) 
and the solution was extracted with chloroform (3 x 20 ml). The combined organic layers were dried over anhydrous 
MgSC>4, filtered and concentrated under vacuum to give 730 mg (1.8 mmol) of the title compound (yield: 90%). 
Recrystallization was performed from in ethyl acetate. 

Refinement 

All H atoms were fixed geometrically and treated as riding with C — H = 0.96 A (methyl), 0.97 A (methylene), 0.98 A 
(methine) with (7i S0 (H) = 1.2L r cq (methylene, methine) or L r ; s0 (H) = 1.5£/ eq (methyl, OH). In the absence of significant 
anomalous scattering, the absolute configuration could not be reliably determined and thus Friedel pairs were merged and 
any references to the Flack parameter were removed. 
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Computing details 

Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: CrysAlis PRO (Agilent, 2010); data reduction: CiysAlis 
PRO (Agilent, 2010); program(s) used to solve structure: SHELXS97 (Sheldrick,2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick,2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 1997) and PLATON (Spek, 
2009); software used to prepare material for publication: WinGX (Farrugia, 1999). 




Figure 1 

Molecular structure of the title compound with displacement ellipsoids drawn at the 30% probability level. H atoms are 
represented as small spheres of arbitrary radii. 
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Figure 2 

Partial packing view showing the C-H-0 hydrogen bonds as dashed lines. H atoms not involved in hydrogen bonding 
have been omitted for clarity. 



1 0tt-Hydroxy-1 3-{[4-(4-methoxyphenyl)piperazin-1 -yl]methyl}-4,9-dimethyl- 3,8,1 5- 
trioxatetracyclo[1 0.3.0.0 2 ' 4 .0 7 ' 9 ]pentadecan-1 4-one 



Crystal data 

C 26 H 36 N 2 0 6 
M T = 472.57 
Orthorhombic, Fl{l{l\ 
Hall symbol: P 2ac 2ab 
a = 8.0770 (7) A 
b= 10.2667 (10) A 
c = 28.937 (3) A 



V= 2399.5 (4) A 3 
Z=4 

7^(000)= 1016 

D x = 1.308 Mgnr 3 

Mo ATa radiation, 1 = 0.71073 A 

Cell parameters from 4896 reflections 

9 = 2.9-26.4° 
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ju = 0.09 mm 1 
T= 180K 

Data collection 

Agilent Xcalibur Sapphire 1 long nozzle 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 8.2632 pixels mm" 1 
to scan 

Absorption correction: multi-scan 

(CrysAlis PRO; Agilent, 2010) 
7^ = 0.732,7^=1.000 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > laiF 1 )] = 0.072 

wR(F 2 ) = 0.188 

S = 1.04 

2810 reflections 

312 parameters 

0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



Platelet, colourless 
0.27 x 0.21 x 0.06 mm 



14543 measured reflections 
2810 independent reflections 
1704 reflections with I > 2o(I) 
Rint = 0.091 

$max 26.4 , 0mm 2.9 

h = -10— >9 
£ = -12->12 
/= -35^36 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/^F 2 ) + (0.0997 3 ) 2 ] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max = 0.003 
Ap max = 0.29 e A" 3 
A/w = -0.32 e A" 3 

Extinction correction: SHELXL97 (Sheldrick, 

2008), Fc*=kFc[l+0.001xFc 2 l 3 /sin(2<9)]- 1/4 
Extinction coefficient: 0.015 (3) 



Special details 

Experimental. Empirical absorption correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling 
algorithm. CrysAlisPro (Agilent Technologies) 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > 2a(F 2 ) is 
used only for calculating 7?-factors(gt) etc, and is not relevant to the choice of reflections for refinement. 7?-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TJ- *IT7 


C31 


2.1349(10) 


0.2714(15) 


-0.2812 (3) 


0.113 (5) 


H31A 


2.1795 


0.3123 


-0.2541 


0.169* 


H31B 


2.2203 


0.2632 


-0.3041 


0.169* 


H31C 


2.0937 


0.1866 


-0.2734 


0.169* 


04 


0.8235 (5) 


0.3794 (4) 


0.00693 (14) 


0.0333 (11) 


01 


1.3161 (5) 


0.6411 (4) 


-0.04954 (14) 


0.0362 (10) 


HI 


1.2985 


0.5931 


-0.0716 


0.054* 


02 


1.3704 (5) 


0.7880 (4) 


0.02594 (14) 


0.0356(10) 


C4 


0.8345 (7) 


0.3744 (5) 


-0.0395 (2) 


0.0315(15) 


03 


0.8874 (5) 


0.4797 (4) 


0.10678 (14) 


0.0365 (11) 
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05 


0.7156 (6) 


0.3568 (4) 


—0.06296 (16) 


A A/IOA /11\ 

0.0489 (13) 


JN1 


1.1958 (6) 


A /1/CAQ /C\ 

0.4605 (5) 


A 1 1 AAT /1 T\ 

—0.11902 (1 /) 


A AT AH /I 1\ 

0.034/ (12) 


C8 


1.5793 (8) 


A 1AA1 /T\ 

0.3993 (7) 


A 1 1 OA /1\ 

-0.2180 (2) 


A A") T /" / 1 f \ 

0.0376 (15) 


G9 


1.0557 (7) 


a /'ion //""\ 

0.6789 (6) 


A 1 1 OA /1\ 

0.1189 (2) 


A A ") 11 / 1 /I \ 

0.0333 (14) 




i a/^t^ 

l.UOJO 


U.0833 


A 1 COO 


A A/1A* 


H9B 


0.9534 


0.7212 


0.1098 


A A/1 A* 

0.040* 


CIO 


1 llf /I /o\ 

1.2454 (8) 


A 1 1 O C /C\ 

0.3285 (5) 


A 1 O 1 O /1\ 

-0.1318 (2) 


A A1 1/1 / 1 A \ 

0.0334 (14) 


rilUA 


l.lO/l 




A 1 CAf\ 

— U.l 54U 


A A/IA* 


TJ 1 AD 


1.Z455 


U.Z 155 


A 1 (\A /T 

— U. lU4o 


A A/1 A^; 


pi i 
Cll 


1.41 / / (/) 


0.32 15 (6) 


a 1 c^/x: /o\ 
—0.1526 (2J 


A AIT/1 /1 C\ 

0.03 /4 (15) 


T T 1 1 A 

H11A 


1 /I A/"0 

1.4968 


0.3577 


A 1 1AO 

-0.1298 


A A A C * 

0.045* 


T r i in 
HI lb 


1.44 /z 


0.238 / 


—0.1609 


A A/1 C * 

0.045* 


N2 


1.4267 (6) 


A A AAA /r\ 

0.4099 (5) 


A 1 A1/IA /1'7\ 

-0.19340 (17) 


A A1 AH / 1 1\ 

0.0346 (13) 


/"i 1 i 

CI J 


i a/iat 
1.049/ (/) 


A CI A A 1 £\ 

0.5390 (6) 


A 1 A/1 /I /OA 

0.1044 (2) 


A AOA£ /1 A\ 

0.0296 (14) 


G14 


A AO CO /n\ 

0.9858 (7) 


A /I A OA /C\ 

0.4080 (5) 


a ait/ /i\ 

0.0276 (2) 


A A1 O 1 / S\ A\ 

0.0281 (14) 


i_ri /i 
H14 


1 A1 /I C 

1.034 5 


A 1 1 AC 

0.3305 


A A/1 1 A 

0.0419 


A A1 A * 

0.034* 


C15 


A AC A 1 /"7\ 

0.9541 (7) 


A C 1 1 A /C\ 

0.5129 (5) 


0.0624 (2) 


A A1 A1 f W A\ 

0.0293 (14) 


1T1 f 

H15 


A A A /I 1 

0.9042 


A C A 1 1 

0.5913 


A A A A A 

0.0490 


A A1 C * 

0.035* 


C16 


1 11 CI 

1.2353 (7) 


A T1 A /I /C\ 

0.7204 (5) 


A A/1 O/" /1\ 

0.0486 (2) 


A A10"7 /1 /I \ 

0.0287 (14) 


i_ri £. 
H16 


1 1 ICO 

1.1358 


A "7AAO 
0. /098 


A AOA/; 

0.0296 


A A"5 A * 
0.034* 


C17 


1.1864 (7) 


A A COT /£\ 

0.4527 (6) 


A 1 1 AO /1\ 

0.1208 (2) 


0.0355 (15) 


Hi /A 


1.1843 


A A A 

0.4482 


0.1539 


0.053* 


H17B 


1.2908 


0.4875 


0.1109 


A AC I* 

0.053* 


H17C 


1 1 "71 A 

1.1720 


A 1 /T*7A 

0.3670 


A 1 AOI 

0.1082 


A AC 1 A 

0.053* 


pro 

CIS 


1.3 / / / (/) 


0.30 /U (0) 


A A 1 TJ /1\ 

— U.U125 (2) 


U.U5ZZ (14) 


T T 1 O 

H18 


1 A A 1 O 

1.4918 


A C A O C 

0.5425 


A A 1 AA 

-0.0199 


A A") A A 

0.039* 


C19 


1 1/~V11 

1.2032 (7) 


0.7534 (5) 


Arvnr /l \ 

0.0975 (2) 


0.0328 (14) 


H19A 


1.1819 


0.8462 


A AA A O 

0.0998 


A A1 A rfs 

0.039* 


T T 1 AT> 

H19B 


1 1 A 1 A 

1.3019 


0.7348 


A 1 1 C A 

0.1154 


A A1 A* 

0.039* 


/"<1 A 

C20 


1.3840 (7) 


f\ £ a on /c\ 

0.6487 (5) 


A A") 1 /I /1\ 

0.0314 (2) 


A A1 1 C f 1 /I \ 

0.0315 (14) 


C21 


1 f 1 i^ /o\ 

1.5243 (8) 


A /" 1 1 A /"7\ 

0.6110 (7) 


0.0626 (2) 


A A >1 1 A / 1 

0.0424 (17) 


T T1 1 A 

H21A 


1 /'I /"A 

1.6269 


0.6401 


A A A A /I 

0.0494 


0.064* 


TJ1 1 D 

HZ lr> 


l.jZbb 


A C 1 OA 


a n^^n 
U.UooU 




T 11 1 /"< 

H21C 


1.5093 


0.6508 


A AA1 1 

0.0923 


0.064* 


C22 


1 OAIO /AA 

1.2032 (9) 


A C/IAC 

0.5405 (6) 


—0.1613 (2) 


0.043 / (16) 


T T1 1 A 

H22A 


1 nil 

1.1713 


0.6292 


A 1 C /I A 

-0.1540 


0.052* 


riZZB 


1.1249 


0.506 / 


a 1 on 
—0.183 / 


A ACO* 

0.052* 


C23 


1 a 1 n /o\ 

1.0127 (8) 


A 1AAO //"\ 

0.3903 (6) 


A A C A 1 /I \ 

-0.0541 (2) 


A A11C /1 A\ 

0.0325 (14) 


T 11 1 

Hz 3 


1.0620 


0.3035 


-0.0571 


A A1 A sk 

0.039* 


CZ4 


1.0V16 (/) 


A A COA 
U.435U (D) 


A A1 0*2 

— U.U1Z3 (Z) 


U.V5UU (14) 


T T1 /I 

H24 


1 ATA /I 

1.0704 


A C C 1 C 

0.5515 


A A1 c A 

—0.0154 


A A") 

0.036* 


C25 


1 THTA ZO\ 

1.3730 (8) 


A C AC\f~ f /~\ 

0.5406 (6) 


A 1 Ol A /I \ 

-0.1820 (2) 


A AIAO /1 

0.0398 (16) 


H25A 


1.3 /29 


a cm £ 
0.5936 


A OAOO 

—0.2098 


A A/1 O* 

0.048* 


H25B 


1 -1 CA/1 

1.4504 


A C"7AA 
0.5 /90 


—0.1603 


A A/1 O * 

0.048* 


C26 


1.2791 (7) 


0.4403 (5) 


-0.0058 (2) 


0.0308 (14) 


H26A 


1.3186 


0.3760 


-0.0277 


0.037* 


H26B 


1.2996 


0.4067 


0.0250 


0.037* 


C27 


1.8662 (8) 


0.3621 (8) 


-0.2705 (2) 


0.051 (2) 


C28 


1.7086 (8) 


0.3259 (7) 


-0.2023 (2) 


0.0457 (18) 
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H28 


1.7012 






0.2874 


-0.1732 


0.055* 




C29 


1.0275 


(8) 




0.4595 (6) 


-0.1002 (2) 


0.0383 (15) 




H29A 


0.9547 






0.4172 


-0.1223 


0.046* 




H29B 


0.9899 






0.5486 


-0.0966 


0.046* 




C30 


1.8521 


(8) 




0.3069 (8) 


-0.2287 (3) 


0.051 (2) 




H30 


1.9378 






0.2559 


-0.2171 


0.061* 




06 


2.0017 


(7) 




0.3498 (8) 


-0.29937 (17) 


0.086 (2) 




C32 


1.5986 


(9) 




0.4555 (8) 


-0.2613 (2) 


0.054 (2) 




H32 


1.5121 






0.5050 


-0.2732 


0.065* 




C33 


1.7365 


(10) 


0.4416(10) 


-0.2869 (3) 


0.072 (3) 




H33 


1.7463 






0.4840 


-0.3152 


0.086* 




Atomic displacement parameters (A 2 ) 




U" 




IF 1 


U 33 


7J12 


U 13 




C31 


0.031 (5) 




0.259(16) 


0.048 (5) 


-0.009 (7) 


0.004 (4) 


-0.012 (8) 


04 


0.021 (2) 




0.025 (2) 


0.053 (3) 


-0.0027 (17) 


-0.001 (2) 


0.0020(19) 


01 


0.032 (2) 




0.034 (2) 


0.042 (2) 


-0.001 (2) 


0.003 (2) 


0.006 (2) 


02 


0.029 (2) 




0.025 (2) 


0.053 (3) 


-0.0114(18) 


0.005 (2) 


0.005 (2) 


C4 


0.020 (3) 




0.027 (3) 


0.047 (4) 


-0.002 (2) 


-0.007 (3) 


0.003 (3) 


03 


0.028 (2) 




0.036 (2) 


0.045 (3) 


-0.0047 (19) 


0.005 (2) 


0.002 (2) 


05 


0.039 (3) 




0.040 (3) 


0.067 (3) 


-0.006 (2) 


-0.015 (3) 


-0.004 (2) 


Nl 


0.037 (3) 




0.028 (3) 


0.039 (3) 


0.004 (2) 


0.001 (3) 


0.004 (2) 


C8 


0.037 (4) 




0.046 (4) 


0.029 (4) 


-0.006 (3) 


-0.002 (3) 


-0.001 (3) 


C9 


0.032 (3) 




0.026 (3) 


0.042 (4) 


0.002 (3) 


-0.004 (3) 


-0.001 (3) 


CIO 


0.042 (4) 




0.020 (3) 


0.039 (4) 


0.010(3) 


0.005 (3) 


0.003 (3) 


Cll 


0.033 (4) 




0.035 (3) 


0.044 (4) 


0.000 (3) 


0.004 (3) 


0.008 (3) 


N2 


0.037 (3) 




0.026 (3) 


0.041 (3) 


-0.001 (2) 


-0.003 (2) 


0.005 (2) 


C13 


0.026 (3) 




0.022 (3) 


0.041 (4) 


0.001 (2) 


0.001 (3) 


0.002 (3) 


C14 


0.021 (3) 




0.020 (3) 


0.044 (4) 


-0.001 (2) 


-0.001 (3) 


0.001 (3) 


C15 


0.026 (3) 




0.023 (3) 


0.039 (4) 


0.003 (2) 


0.008 (3) 


0.002 (3) 


C16 


0.022 (3) 




0.021 (3) 


0.043 (4) 


-0.012 (2) 


0.004 (3) 


0.005 (3) 


C17 


0.034 (3) 




0.029 (3) 


0.044 (4) 


0.004 (3) 


0.001 (3) 


0.010 (3) 


C18 


0.028 (3) 




0.038 (3) 


0.030 (3) 


0.001 (3) 


0.000 (3) 


0.006 (3) 


C19 


0.028 (3) 




0.021 (3) 


0.049 (4) 


-0.002 (2) 


-0.002 (3) 


0.003 (3) 


C20 


0.032 (3) 




0.020 (3) 


0.043 (4) 


-0.001 (3) 


-0.002 (3) 


0.005 (3) 


C21 


0.025 (3) 




0.049 (4) 


0.053 (4) 


-0.007 (3) 


-0.004 (3) 


0.002 (3) 


C22 


0.051 (4) 




0.030 (3) 


0.050 (4) 


0.006 (3) 


0.002 (4) 


0.005 (3) 


C23 


0.030 (3) 




0.026 (3) 


0.041 (4) 


0.006 (3) 


0.000 (3) 


-0.005 (3) 


C24 


0.032 (3) 




0.019 (3) 


0.039 (4) 


0.001 (3) 


0.000 (3) 


0.001 (3) 


C25 


0.055 (4) 




0.024 (3) 


0.040 (4) 


0.005 (3) 


-0.008 (3) 


0.004 (3) 


C26 


0.020 (3) 




0.026 (3) 


0.046 (4) 


0.004 (2) 


0.005 (3) 


0.005 (3) 


C27 


0.034 (4) 




0.085 (6) 


0.034 (4) 


-0.012 (4) 


0.007 (3) 


0.001 (4) 


C28 


0.036 (4) 




0.060 (5) 


0.041 (4) 


-0.003 (4) 


0.008 (3) 


0.012(3) 


C29 


0.041 (4) 




0.036 (3) 


0.038 (4) 


0.010(3) 


-0.002 (3) 


-0.001 (3) 


C30 


0.028 (4) 




0.070 (5) 


0.056 (5) 


0.000 (4) 


0.004 (3) 


-0.002 (4) 


06 


0.047 (4) 




0.168 (7) 


0.042 (3) 


-0.019(4) 


0.014(3) 


0.002 (4) 


C32 


0.047 (4) 




0.077 (5) 


0.037 (4) 


-0.008 (4) 


-0.008 (3) 


0.019 (4) 


C33 


0.054 (5) 




0.124 (8) 


0.037 (5) 


-0.012 (6) 


0.005 (4) 


0.025 (5) 



Acta Cryst. (2012). E68, o715-o716 



sup-6 



supplementary materials 



Geometric parameters (A, °) 


C31— 06 


1.442(13) 


C31— H31A 


0.9600 


C31— H31B 


0.9600 


C31— H31C 


0.9600 


04— C4 


1.347 (7) 


04— C14 


1.470 (7) 


01— C18 


1.410(7) 


01— HI 


0.8200 


02— C20 


1.443 (7) 


02— C16 


1.449 (6) 


C4— 05 


1.190 (7) 


C4— C23 


1.509 (8) 


03— C15 


1.435 (7) 


03— C13 


1.447 (7) 


Nl— CIO 


1.463 (7) 


Nl— C29 


1.464 (8) 


Nl— C22 


1.473 (8) 


C8— C28 


1.366 (9) 


C8— C32 


1.388 (9) 


C8— N2 


1.428 (8) 


C9— C13 


1.497 (8) 


C9— C19 


1.546 (8) 


C9— H9A 


0.9700 


C9— H9B 


0.9700 


CIO— Cll 


1.516(8) 


CIO— H10A 


0.9700 


CIO— H10B 


0.9700 


Cll— N2 


1.457 (8) 


Cll— H11A 


0.9700 


Cll— HUB 


0.9700 


N2— C25 


1.448 (8) 


1 J V 1 J 




C13— C17 


1.493 (8) 


C14— C15 


1.496 (8) 


CI 4— C24 


1.526 (8) 


C14— H14 


0.9800 


C15— H15 


0.9800 


C16— C19 


1.477 (8) 


06— C31— H31A 


109.5 


06— C31— H31B 


109.5 


H31A— C31— H31B 


109.5 


06— C31— H31C 


109.5 


H31A— C31— H31C 


109.5 


H31B— C31— H31C 


109.5 


C4— 04— C14 


110.7(4) 


C18— 01— HI 


109.5 


C20— 02— C16 


62.2 (4) 



CI 6— C20 


1.494 (8) 


C16— H16 


0.9800 


C17— H17A 


0.9600 


C17— H17B 


0.9600 


C17— H17C 


0.9600 


CI 8— C20 


1.518 (8) 


CI 8— C26 


1.537 (8) 


C18— H18 


0.9800 


C19— H19A 


0.9700 


C19— H19B 


0.9700 


C20— C21 


1.500 (9) 


C21— H21A 


0.9600 


C21— H21B 


0.9600 


C21— H21C 


0.9600 


C22— C25 


1.497 (9) 


C22— H22A 


0.9700 


C22— H22B 


0.9700 


C23— C29 


1.517(8) 


C23— C24 


1.532 (8) 


C23— H23 


0.9800 


C24— C26 


1.537 (8) 


C24— H24 


0.9800 


C25— H25A 


0.9700 


C25— H25B 


0.9700 


C26— H26A 


0.9700 


C26— H26B 


0.9700 


C27— C30 


1.341 (10) 


C27— 06 


1.383 (8) 


C27— C33 


1.410(11) 


C28— C30 


1.402 (10) 


C28— H28 


0.9300 


C29— H29A 


0.9700 


C29— H29B 


0.9700 


C30— H30 


0.9300 


C32— C33 


1.345 (10) 


C32— H32 


0.9300 


C33— H33 


0.9300 


01— C18— H18 


107.3 


C20— CI 8— HI 8 


107.3 


C26— CI 8— HI 8 


107.3 


CI 6— CI 9— C9 


113.9(5) 


C16— C19— H19A 


108.8 


C9— CI 9— H19A 


108.8 


C16— C19— H19B 


108.8 


C9— CI 9— H19B 


108.8 


H19A— CI 9— H19B 


107.7 
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05 — C4 — 04 


121.5 (6) 


/\f p A Pi") 

05 — C4 — C23 


128.8 (6) 


04 — C4 — C23 


109.7 (5) 


C15 — 03 — CI 3 


61.1 (4) 


pi a xti ri^n 

CIO — N 1 — Cz9 


1 AA A /r\ 

109.9 (5) 


CIO — N 1 — Czz 


1 f\H 1 /f \ 

107.1 (5) 


f ' ~\ r\ XT1 PH 

C29 — Nl — C22 


lift/" /C\ 

110.6 (5) 


C28 — C8 — C32 


116.4 (6) 


PTO /" O XT'! 

Czo — Co — Nz 


122.4 (6) 


C32 — C8 — N2 


121.0 (6) 


p 1 -t p r\ p 1 a 

C13 — C9 — C19 


1 1 1 O /C\ 

112.8 (5) 


C 1 3 — C9 — H9 A 


1 AA A 

109.0 


pi A P f\ TTA A 

C19 — C9 — H9A 


1 AA A 

109.0 


pa t tai - * 

C13 — C9 — H9B 


1 AA A 

109.0 


p 1 a pa ttati 

C19 — C9 — H9B 


109.0 


tta * pa t t /\ r> 

H9A — C9 — H9B 


107.8 


XT 1 pi A p 1 1 

Nl — CIO — Cll 


111 1 /C\ 

111.1 (5) 


XT 1 /~i 1 A TT1AA 

Nl — CIO — H10A 


1 A A /I 

109.4 


Cll — CIO — H10A 


109.4 


XT 1 P 1 A T T 1 ATi 

N 1 — C 1 0 — H 1 OB 


109.4 


p 1 1 P1A TT1 AFJ 

Cll — CIO — H10B 


1 AA A 

109.4 


TT1AA P1A T T 1 An 

H10A — CIO — H10B 


1 AO A 

108.0 


N2 — Cll — CIO 


111.2 (5) 


XT'"! pi 1 TT11A 

Nz — Cll — H11A 


1 AA A 

109.4 


p 1 A P 1 1 TJ11A 

CIO — Cll — HI 1A 


1 AO A 


XTI p 1 1 TT11FJ 

Nz — Cll — HUB 


1 AA A 

109.4 


P 1 A P 11 T T 1 1 Tl 

CIO — Cll — HUB 


109.4 


TT11A p 1 1 TT1 1 n 

H11A — Cll — HUB 


1 AO A 

108.0 


po xti roc 
Co — NZ — CZ3 


11/;'] /c\ 

116.3 (5) 


po \n pi 1 

C8 — N2 — Cll 


113.8 (5) 


PTC XTI z' i | i 

Cz5 — Nz — Cll 


1 AA A /f \ 

109.9 (5) 


p, -> PI") pic 

03 — C 1 3 — C 1 5 


C A A / A \ 

59.0 (4) 


Pti pn p i -7 

(J 3 — C13 — CI / 


in n /c\ 

113.9 (5) 


P 1 C P 1 ") P 1 T 

C15 — C13 — C17 


1 n a / c\ 

123.0 (5) 


p, ~> PIT PA 

03 — C13 — C9 


1 1 yl O /C\ 

114.8 (5) 


P 1 C P 1 ") PA 

C15 — C13 — C9 


1 if ^ /C\ 

115.2 (5) 


P 1 T P 1 1 PA 

C17 — C13 — C9 


117.2 (5) 


j p -i < p 1 i— 

04 — C14 — C15 


105.3 (4) 


p, 4 p 1 P1,1 

(J4 — C 1 4 — Cz4 


1 AC A / A \ 

105.0 (4) 


pi : pi/i p^/i 
C 1 5 — C 1 4 — Cz4 


111 T t A\ 

111.3 (4) 


p, I P 1 /I TT 1 yl 

L)4 — C 1 4 — H 1 4 


111 £. 

111.6 


P 1 C P 1/1 TT 1 /I 

C15 — C14 — H14 


111.6 


f • l*\ A p 1 A TT1/1 

C24 — C 1 4 — H 1 4 


111 /" 

111.6 


03— CI 5— C 13 


59.8 (4) 


03— CI 5— C 14 


119.7(5) 


C13— C15— C14 


126.9 (5) 


03— CI 5— HI 5 


113.3 


C13— C15— H15 


113.3 


C14— C15— H15 


113.3 



/— \0 PI A p 1 /_ 

(Jz — CzO — C 1 6 


CA 1 ZO\ 

59.1 (3) 


/"VI P1A PI 1 

02 — C20 — C21 


112.3 (5) 


pi/- PI A PI 1 

C16 — C20 — C21 


1 1 1 ") /c \ 

122.3 (5) 


Pil P1A P1 O 

02 — C20 — C18 


1 1 T 1 /r\ 

117.1 (5) 


p 1 / p -> (\ P10 

C 1 6 — CzO — C 1 o 


1 O 1 /C\ 

121.6 (5) 


PI 1 PI A P 1 O 

C21 — C20 — C18 


112.5 (5) 


P1A PI 1 TT1 1 A 

C20 — C21 — H21A 


1 AA C 

109.5 


P1A PI 1 TTT 1 D 

CzO — Cz 1 — Hz 1 B 


1 AA C 

109.5 


TTO 1 A PI 1 TTO 1 T) 

HzlA — Czl — Hz IB 


1 AA C 

109.5 


P 1 A PI 1 TT1 1 P 

C20 — C21 — H21C 


109.5 


TTO 1 a PI 1 TT11P 

H21A — C21 — H21C 


1 AA C 

109.5 


T T1 1 P 11 TTOI P 

H21B — C2l — H21C 


109.5 


XT1 p 1 1 PIC 

N 1 — Czz — Cz5 


111 T /C\ 

111.7 (5) 


XT 1 p-) 1 Tni A 

N 1 — Czz — till A 


1 A A O 

109.3 


PIC p -> -> TTH A 

Cz5 — Czz — HzzA 


1 AA 1 

109.3 


XT1 p 1 1 TTHT5 

N 1 — Czz — HzzB 


1 AA "> 

109.3 


PIC p -> -> TTHT1 

C25 — Czz — HzzB 


1 AA "5 

109.3 


TTH A PH t TUTi 

H22A — C22 — H22B 


1 (\n a 

107.9 


P A PH P1A 

C4 — C23 — C29 


111.8 (5) 


p /J PTJ PI /I 

C4 — C23 — C24 


1 AT A /C\ 

103.0 (5) 


pon r^o/i 
Czy — CzJ — Cz4 


1 1 £ "7 /C\ 

116. / (5) 


a /-in Tin 

C4 — C23 — H23 


1 AO 1 

108.3 


C29 — C23 — H23 


108.3 


pi/i pn ttio 

C24 — C23 — H23 


108.3 


/~i 1 /I /~io /I PT) 

C14 — C24 — C23 


1 AO O /C\ 

102.2 (5) 


P1 A PI /I PI/' 

C14 — C24 — C26 


114.8 (5) 


PH PI /I P1/T 

C23 — C24 — C26 


117.0 (5) 


p 1 yi PO /I TT1 /I 

C 1 4 — Cz4 — Hz4 


1 f\H C 

107.5 


pi^l p-> /] TT1/1 

Cz3 — Cz4 — HZ4 


107.5 


P1/^ PI /I TT1 /I 

C26 — C24 — H24 


107.5 


XTI PIC PH 

N2 — C25 — C22 


111.4 (5) 


N2 — C25 — H25A 


1 A A T 

109.3 


i^OC TTTC A 

C22 — C25 — H25A 


1 A A T 

109.3 


XTI PI C T T1 f Tl 

N2 — C25 — H25B 


109.3 


p 1 1 pi c t ti c n 

C22 — C25 — H25B 


109.3 


ttic a pic TT^f n 

H25A — C25 — H25B 


1 AO A 

108.0 


C • ~\ A P1/T PIO 

Cz4 — Czo — C 1 o 


111') /C\ 

113.3 (5) 


Cz4 — Czo — Hz 6 A 


1 AO A 

108.9 


pi O f "~) TTT/C A 

C 1 8 — Czo — HzoA 


1 AO A 

108.9 


po /i p-> /_ TTiz:n 

Cz4 — Czo — HzoB 


1 AO A 

108.9 


pi O PO/l TTOjCTJ 

C 1 8 — Czo — HzoB 


1 AO A 

108.9 


H26A — C26 — H26B 


107.7 


poa pn / \ s 

C30 — C27 — 06 


1 1 C A / "7 \ 

125.0 (7) 


/~"5A r"T7 pil 

C30 — Cz / — C33 


1 1 a a tn\ 
119.0 (/) 


06— C27— C33 


115.9(7) 


C8— C28— C30 


121.8(7) 


C8— C28— H28 


119.1 


C30— C28— H28 


119.1 


Nl— C29— C23 


113.8(5) 
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(Jz — C 1 6 — C 1 9 


117.1 (5) 




XT1 P^A TT^A A 

JN 1 — Lz9 — Hz9A 




1 AO O 

108.8 


02 — C 1 6 — G20 


58.7 (3) 




C23 — C29 — H29A 




108.8 


C19 — C16 — G20 


125.0 (5) 




Nl — C29 — H29B 




1 AO O 

108.8 


/'V") /"I 1 /_ IT1 / 

(Jz — C 1 6 — H 1 6 


114.7 




Czi — Cz9 — Hz9B 




1 AO O 

108.8 


pi A f ' 1 /_ TT1 /; 

C19 — Clo — H16 


1 1 A H 

114.7 




HzvA — Lz9 — HzvB 




107.7 


G20 — C 1 6 — H 1 6 


114.7 




C27 — C30 — C28 




120.2 (7) 


C13 — C17 — H17A 


1 AH C 

109.5 




C27 — C30 — H30 




1 1 A A 

119.9 


C13 — CI 7 — H17B 


109.5 




PTO PTA TTTA 




1 1 A A 

119.9 


tti T A 1 -7 TT1 TTl 

H17A — L17 — H17B 


109.5 




Cz7 — (Jo — Lo 1 




114.9 (6) 


r n pi 7 141 7P 


1 no ^ 

1 U7.J 








1 9 a 1 (H\ 
IZj. ± \ * ) 


H17A— C17— H17C 


109.5 




C33— C32— H32 




118.5 


H17B— CI 7— H17C 


109.5 




C8— C32— H32 




118.5 


01— CI 8— C20 


110.5 (5) 




C32— C33— C27 




119.4 (7) 


01— CI 8— C26 


111.5 (5) 




C32— C33— H33 




120.3 


C20— CI 8— C26 


112.5 (5) 




C27— C33— H33 




120.3 


Hydrogen-bond geometry (A, °) 


D — H—A 




D — H 


U-A 


D-A 


D — H—A 


01— Hl-Nl 




0.82 


2.10 


2.901 (6) 


165 


C9— H95-01 1 




0.97 


2.50 


3.345 (7) 


145 


C14— H14-05" 




0.98 


2.49 


3.447 (7) 


165 


C15— H15-02 1 




0.98 


2.51 


3.342 (7) 


142 


C24— H24-02' 




0.98 


2.33 


3.185 (7) 


146 


C33— H33-03 ffi 




0.93 


2.53 


3.335 (10) 


145 



Symmetry codes: (i) x-l/2, -y+3/2, -z; (ii) x+1/2, -y+V2, -z; (iii) -x+5/2, -y+1, z-1/2. 
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